

Highlight of Our Services: the ORAC Assay 


1. What does "ORAC” stand for? 

“ORAC" is an abbreviation of “Oxygen Radical Absorption Capacity" 

2. Who are the original ORAC developers? 

The ORAC assay was originally developed by Dr. Guohua Cao of the National Institute of Aging in 1992 1 . In 
1996, Dr. Cao joined Dr. Ronald L. Prior's group at Jean Mayer USDA Human Nutrition Research Center on 
Aging, where Drs. Cao and Prior were instrumental in semi-automating the ORAC assay 2 . Since then, the 
ORAC assay has been extensively utilized in the field of antioxidant and oxidative stress 3,4,5,8,7 . 

3. What is the principle of the ORAC assay? 

The ORAC assay depends on the free radical damage to a fluorescent probe through the change in its 
fluorescence intensity. The change of fluorescence intensity is an index of the degree of free radical damage. 
In the presence of antioxidant, the inhibition of free radical damage by an antioxidant, which is reflected in the 
protection against the change of probe fluorescence in the ORAC assay, is a measure of its antioxidant 
capacity against the free radical fFigure n . 
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Figure 1, Principle of the ORAC assay 
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The uniqueness of the ORAC assay is that the reaction is driven to completion and the quantitation is 
achieved using 'area under the curve" (AUC) (Figure 2Y 



Figure 2. Antioxidant activity of tested sample expressed as the net area under the curve (AUC) 

in particular, the AUC technique allows ORAC to combine both inhibition time and inhibition percentage of the 
free radical damage by the antioxidant into a single quantity (Figure 3). 
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Figure 3. Calculation of OFtAC values. AUC=0.5 + F^Fo +F 2 /Fo+F 3 /F 0 +.+Fn/F 0 ; Relative ORAC value = 

[(AUCsampis- AUCBiankVfAUCstanrtard- AUC B1ank )]* (molarity of standard/molarity of sample) 

4. What does the ORAC assay actually measure? 
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The original ORAC is primarily for water-soluble antioxidant activity against the peroxyl radicals. Recently we 
expanded the ORAC method to fat-soluble antioxidant activity. Soon thereafter, we introduced the hydroxyl 
radical in the ORAC assay panel. 

5. What are the drawbacks of the original ORAC method? 

B-phycoerythrin (B-PE), a protein isolated from B-phycoerythrin (B-PE), was the chosen fluorescent probe in 
the original ORAC method. However, B-PE was found to interact with phenolic compounds that are thought to 
be main antioxidants derived from plants. The nonspecific protein binding can cause falsely low ORAC value. 
Therefore it is problematic to use B-PE to evaluate antioxidant activity 8 . 

6. What improvement on ORAC was made by Brunswick Laboratories? 

In collaboration with Dr. Ronald Prior of the USDA, the scientists at BL significantly improved the ORAC 
assay. Briefly, B-PE was replaced by a stable compound called fluorescein. Since fluorescein is a synthetic 
fluorescence compound, it will not interact with the tested samples. In addition, unlike the original method the 
current ORAC method is suitable for both water-soluble and fat-soluble antioxidants. Furthermore, we 
successfully integrated the hydroxyl radicals into the assay. 

6. Do you have literature references about the use of fluorescein for the ORAC assay? 

We are the first group who reported the use of fluorescein for the both water-soluble and fat-soluble 
antioxidants. Please feel free to request a copy of our peer-reviewed papers published in the Journal of 
Agricultural and Food Chemistry 9,10 ' 11 

7. How many harmful reactive species existing in the body? 

There are 6 harmful common reactive oxygen or nitrogen species existing in the body. They are peroxyl 
radical (ROO), hydroxyl radical (HO»), hydrogen peroxide (H 2 0 2 ), superoxide ion (Os"), singlet oxygen ( 1 0 2 ) 
and peroxynitrite (OONO-) 12 . 

8. Does the current ORAC assay measure the total antioxidant activity against all the radicals? 

No. The current ORAC assay only measures the antioxidant activity against peroxyl radical and hydroxyl 
radical. We are in the process to expand the ORAC method to other harmful species. 

9. What samples can be tested for ORAC? 

Natural products, antioxidant supplements, beverages, pure chemicals, plasma, serum, urine. 

10. How are samples prepared prior to shipping? 
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Sample can be shipped “as is" and no special sample preparation is needed prior to shipping. Biological 
samples need to be stored in dry ice for overnight shipping. 


11. what are the Applications of ORAC 

• Natural Foods & Agricultural Produce 

• Quality Control of Antioxidant 
Products 

• Clinical Trial of Antioxidant Products 
(Figure 51 

• Clinical Assessment of Aging 

11. How long does the test take to perform? 

One hour for sample preparation, 35 min for 
measurement. 

12. What is the standard used in the ORAC 
assay? 

For peroxyl radical, the standard is Trolox, an 
analogue of vitamin E; For hydroxyl radical, the 
standard is gallic acid. 

13. What is the unit of the ORAC result? 

The ORAC unit is expressed as micro mole 
standard per gram or Liter. 

14. Can I use the ORAC result as a quality 
control for my product development? 

Ves. We can test your product from lot to lot 
and batch to batch. 



ORAC (pmol TE/g) 

Figure 4. ORAC ranking of vegetables 



Figure 5 Increased antioxidant capacity of human plasma 
after intake of a grape juice product 


15. Can I use the published ORAC data for comparison purpose? 

No. In the middle of the 90’s, Cao and coworkers published the ORAC values of some vegetables and fruits 11 . 
The results primarily demonstrate that the ORAC assay is a valuable tool to evaluate the antioxidant activity. 
However, due to the limited sample sizes and varieties, the published ORAC values of vegetables and fruits 
are not comprehensive. Importantly, the most published ORAC results are obtained using the old method, 
therefore they are not valid any more. Furthermore, the naturally occurring antioxidants actually are the 
secondary metabolites of natural products, the mother nature has a profound influence on their biosysthesis 
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pathways. For instance, the geographic locations, weather conditions and the varieties of the species have 
been determined to influent the antioxidant property chemically and physiologically. We screened over 1000 
vegetables last year, the conclusion is that “not every broccoli is created equal” 14 . 

16. Why the ORAC assay is advantageous over many other methods? 

The mechanism of ORAC is based upon the sound chemical principle and the uniqueness of ORAC lies in the 
AUC quantitation technique. Indeed, many other methods have been developed for antioxidant activity, such 
as TEAC (Trolox Equivalent Antioxidant Capacity) 15 , TOSC (Total Oxyradical Scavenging Capacity) 16 , FRAP 
(Ferric Reducing Antioxidant Power) 17 , and DPPH method 18 . However, the fatal drawback of these methods is 
neither no oxygen radial involved or lack of complete quantitation technique. Therefore, only ORAC provides 
antioxidant activity mechanistically and physiologically. 

16. What are the potential interferences/ pitfalls of this assay? 

The improved ORAC assay has been validated through specificity, linearity, reproducibility and sensitivity. 

The validation results indicated that the ORAC is robust. No interferences have been apparent. 


17. Can I use HPLC method to quantify antioxidant activity? 

No. The HPLC method only measures the quantity of a specific compound instead of antioxidant activity. 

18. What instrument is used for the ORAC assay? 

We are using the 96-well fluorescence microplate reader coupled with the 8-channel liquid handling 
system. This full automation completely limits humane errors during sample preparation and 
measurement 19 . Therefore, our results are highly reproducible. 

19. Who are the competitors for the ORAC testing service? 

Brunswick Laboratories is the inventor of the improved and automated ORAC assay (US patent 
pending). Indeed, there are couple of commercial labs who are providing the ORAC service, 
however, all of them are still using the invalidated B-PE based ORAC method. 
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